bladder washed out when the catheter is changed. Frequent turning of the patient helps to prevent accumulation of the sediment but disturbs it for only a short time. The final volume of residual urine is of importance but it seems likely that more important still is the regular removal of bladder sediment by early mobilization, preferably with the patient erect.
The Neurogenic Bladder in a General Hospital By THOMAS MOORE, M.D., M.S., F.R.C.S.
Manchester VESICAL dysfunction is the most important complication of neurological lesions. Both socially and prognostically the urinary tract is often of more significance than the primary disease. In spite of all modern advances in techniques and in the control of sepsis, urinary complications account for 640% of all deaths in paraplegics (Damanski and Gibbon, 1956) . Any improvement in this figure can only be achieved by careful study of all the relative causative factors in many types of case, so that a rational and reliable programme for the care and treatment of the urinary tract can be evolved.
Rarely, if ever, is the bladder literally paralysed. The "paralysed bladder" is one in which there is some dysfunction or defect of physiological nervous control. In normal micturition the detrusor muscle is co-ordinated with the sphincter muscle at the bladder neck and in the urethra so that all the urine in the bladder at that time is expelled. The act is functionally efficient and balanced. Interruption of any of the various and complicated nervous arcs causes incomplete ability to retain or to expel urine in a normal manner. Similar imbalance between the detrusor and the sphincter mechanisms can be a late result of primary obstructive disease of the bladder neck in both sexes, as the hypertrophied detrusor muscle eventually becomes unequal to its task of emptying the bladder completely against the increased resistance at the outlet. This residual urine is the most important and significant indication of vesical imbalance.
Neuro-anatomy
The bladder and posterior urethra in the male and the bladder and the urethra in the female act as one unit, controlled by a motor centre in the 2nd, 3rd and 4th sacral segments of the spinal cord. Afferent stimuli from the mucose and muscles of the urethra and bladder and inhibitory and facilitatory impulses from the cerebral cortex and other higher centres control the activity of this spinal centre. Interference with the nerve arcs at various levels results in one of the wellrecognized types of neurogenic vesical dysfunction:
(1) Uninhibited neurogenic bladder (interruption of cortico-regulatory fibres).
(2) The spinal or automatic reflex bladder (complete anatomical or functional defect of spinal cord above the level of the motor centre).
(3) Autonomous neurogenic bladder, nonreflex (no connexion of the bladder to the spinal motor centre).
(4) Sensory, atonic or tabetic neurogenic bladder (loss of afferent side of reflex arc).
(5) Motor neurogenic bladder (loss of efferent side of reflex arc).
Many workers, including Denny-Brown and Robertson (1933) , Munro (1937 ), McLellan (1939 , Nesbit and Lapides (1948), and Prather (1949) , have contributed to our basic understanding of the neurogenic bladder. Each, however, has his own ideas as to the nomenclature and thus various names are used for the same condition often leading to confusion. Bors (1951, 1957) has used rather a different basis of classification. He In attempting to distinguish between these types a careful analysis of the patient's sensations during micturition is necessary. Has he, first, the normal desire to micturate, second, the normal ability to inhibit micturition and, third, the normal ability to initiate micturition? Any complaint of incontinence must be carefully evaluated for this may result from any one of the following causes: Precipitate micturition (uninhibited neurogenic bladder), reflex micturition (automatic bladder), strain incontinence (autonomous bladder), overflow incontinence from chronic retention and passive incontinence due to loss of all the normal sphincter mechanisms. The last is by far the rarest type.
Retention is also a common symptom of neurological vesical disease. Some degree of retention evidenced by residual urine is the common denominator in many of the complications of neurogenic bladder disturbance. The principal cause is increased resistance at the outlet of the bladder, either from muscular hypertrophy or inco-ordination. Sometimes spasticity of the external urethral sphincter muscle is a major factor. The primary aim of treatment is to reduce or abolish this residual urine.
As micturition is basically a spinal reflex, clinical investigations of the activity of the reflex arcs subserving it are essential. Although the cells in the sacral cord concerned with the bladder contraction are not identical with those con-17 267 I trolling somatic muscles, both groups lie close together in the 2nd, 3rd and 4th sacral segments of the cord. It is therefore unusual for one to be affected without the other. Clinically, therefore, somatic and autonomic conus activity must be evaluated. The bulbo-cavernous reflex is the test of somatic conus activity. Normally by stimulation of the glans penis or the base of the bladder (by pulling on the Foley catheter) contraction of the external anal sphincter is caused. Similar contraction of the external anal sphincter can be caused by the painful stimulation of the peri-anal skin. If no contraction of the muscle can be felt then electromyographic tracings should be made. Bors (1957) estimates autonomic conus activity in cases of traumatic paraplegia by instilling 2 oz of ice-cold water into the bladder through a catheter. If the autonomic sacrospinal reflex is intact, bladder contraction occurs almost at once and expels the water and the catheter. In my wards this test is also used in the investigation of neurogenic bladders due to disease. Sphinctero-cystometry is the most comprehensive method of demonstrating bladder function. Although sometimes difficult to interpret, it is the one method in common use giving some idea of the physiological state of the bladder and sphincter muscles. This gives information about (1) the tone of the external urethral sphincter, (2) the amount of residual urine, (3) the sensitivity of the bladder to hot and cold, (4) the reaction of the bladder muscle to distension, and (5) the presence of vesical contractions together with the patient's ability to initiate or to inhibit them voluntarily. At the same time the extent that the bladder pressure can be raised by abdominal straining and the bladder capacity may be measured.
From these investigations the presence of a neurogenic bladder and its type can usually be decided. Cystoscopy is carried out, often without anesthesia, to test the patient's urethral and bladder base sensitivity to pain and to estimate the presence of any obstructive lesions at the bladder neck. Complications such as diverticula and stones are also easily demonstrated by this method. Urethro-cystography is also useful in depicting any change in the bladder outline due to trabeculation or the formation of diverticula. It is particularly useful in demonstrating obstructive shelf formation at the bladder neck and spasticity of the urethral muscle. Electromyography (Petersen and Franksson, 1955) is now being applied to the study of neurogenic bladder disease and in the future may be of some value in the estimation ofsphincter function and tone and of detrusor activity. Other techniques, including cineradiography and the electrical flow meter devised by Von Garrelts (1956 Garrelts ( , 1957 (Ross, 1956) . A Foley catheter should be removed at weekly intervals to test the development of bladder function. Regular cystometry reveals the return of detrusor contractions, which may be encouraged by blocking the catheter for increasing periods of time intermittently during each day. This helps to train the bladder and sphincter muscles. During trial periods without the catheter, giving a reliable muscle stimulant such as carbachol 2 mg six-hourly is very useful.
A point which is often neglected and which is of the very greatest importance from the point of view of asepsis, is attention to the bowel. Persons with neurogenic disease are very prone to develop facal impaction with false incontinence. It is not difficult to see how contamination of the catheter is thereby encouraged. In addition a loaded bowel, even apart from neurogenic disease, is a frequent source of urinary difficulty. Many patients with mild urinary symptoms, due either to primary urological disease or secondary neurogenic factors, remark how much better they empty their bladders when the bowel is empty.
When it is considered that the effect of the neurological disease on the bladder has reached a permanent state the problem of future management of the urinary tract must be decided. If there is any residual neurogenic defect micturition will, in some way, be inefficient. As it is not possible to restore the lost innervation all that can be done is to attempt to improve bladder efficiency. The surgical treatment which has been carried out in this series is shown in Tables III,  IV If the final outcome of the disease is a bladder completely freed from all cord impulses (the autonomous or non-reflex bladder) the patient, if (Ross, 1956 ).
In the atonic neurogenic bladder the detrusor muscle becomes stretched by the gradual accumulation of urine because of the loss of the afferent impulses in the bladder wall. Many of these patients may be helped by bladder muscle stimulants (carbachol) or by training the patient to empty his bladder by the clock using abdominal straining and manual suprapubic compression. If this is not sufficient to reduce the residual urine, transurethral resection can give good results. The basis of this procedure is to make a weak muscle have a less rigid bladder neck to push the urine through.
Thus, all types of vesical neurogenic disturbance in the male can usually be dealt with satisfactorily. Unfortunately, in the female the position is more difficult. No satisfactory urinal can be fitted and catheter life is always difficult and sometimes impossible. Because of the short urethra, incontinence is more common. The same principles apply as in the male but transurethral resection has to be much less radical because of the danger of incontinence and of fistula formation. Obstructive changes occur at the female bladder neck as in the male (Moore, 1952) Many of the problems of incontinence due to neurogenic vesical disturbance are illustrated by the following patient reported by me some years ago (Moore, 1953 (Moore, , 1956 has suffered a high traumatic lesion of the cord, and to a greater and greater extent we aim at a controlled bladder contraction with minimal residual urine. In the congenital cases we have to follow infants and children throughout growth, often with severe concomitant deformities of the lower limbs and practically always with low lesions which involve conus and spinal centre for micturition; with bladders, therefore, which do not achieve spontaneous co-ordinated contractions. More and more the tendency in recent years has been to divert the urine from ureteric level and to shortcircuit the bladder altogether.
In the great majority there is an evident myelomeningocele with a variable degree of paralysis of the legs. A smaller number, however, have no external evidence of the spinal lesion and these are often purely sacral deformities with few signs in the lower limbs. The bladder disorder is then perhaps the only handicap in an otherwise healthy child. It is curious how often the significance of sacral agenesis is overlooked: in almost all of my 20 patients, the bony deformity has been completely missed by the physician first seeing the case and even when recognized it was not always appreciated that if 3 or more pieces of the sacrum were missing there must certainly be interference with the nerve supply of the bladder. All my cases of sacral agenesis had signs of neurogenic bladder since early infancy; by contrast, several examples of what I call sacral scoliosis and some of spina bifida occulta had a late onset of symptoms. This onset of incontinence is not necessarily evidence of a change in the nerve lesion, it may simply be a urinary infection which upsets a precariously balanced control. Nevertheless, the frequency of onset in later adolescence and early adult life does suggest that a neurological explanation is required.
Diagnosis usually presents no difficulty because of the obvious vertebral deformity and the coincidence of other neurological signs, particularly peri-anal anmsthesia and relaxation of the anal sphincter. No one of these signs is the inevitable concomitant of a neurogenic bladder, however, and I have had undoubted examples with normal anal tone without loss of sensation. Naturally a simple failure of fusion of the laminx of the lower lumbar or sacral vertebre is not considered evidence of a spinal cord lesion, and occasionally a child with such a minor deformity does have a trabeculated bladder with overflow incontinence in which it is hard to distinguish bladder neck obstruction from a neurological abnormality. However, the ready expressibility of the lower motor neuron bladder, and the failure of bladder neck resection to achieve any considerable improvement, usually settles the diagnosis.
The precise manifestations of the bladder abnormality vary considerably from case to case. It has proved almost impossible to correlate the type of bladder dysfunction with other evidence of the level and extent of the cord lesion. Many authors have used the cystometrogram as their
